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viewing angles. The back surface (46) of the panel is 
textured with pits (50) having wall angles and a 
pattern to enhance the uniform reflection of edge 
light toward and through the front surface (44) of the 
backlight panel (36). The indentations may be coni- 
cal, triangular or random. The pit wall angles lie 
within a preferred range of angles to optimize the 
amount of light within the useable viewing angle for 
the LCD. 
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@ Edge-lit transflective non-emissive display. 

© A transflective liquid crystal display (LCD) uses 
the reflective and refractive characteristics of an 
edge-lit flat light pipe as a backlight panel (36) 
behind the liquid crystal layer. The front and/or back 
surfaces (44, 46) of the backlight panel (36) are 
textured to enhance reflectivity of ambient light and 
transmission of edge light. The front surface (44) of 
the panel is textured with pits (48) that have walls at 
an angle to enhance reflectivity over a range of 



BNSDOCID: <EP 0590511A1J_> 



Rank Xerox (UK) Business Services 

(3. 10/3.09/3.3.4I 



EP 0 590 511 A1 



AMBIENT 
LIGHT 



FIG. 2A 



EDGE 
LIGHT 




■ MIRRORED 
REAR 
SURFACE 



FIG. 2B 




FIG. 2C 




RNsnor.m- <fp ossoshai i 



1 



EP 0 590 511 A1 



2 



This invention relates to an edge-lit transflec- 
tive non-emissive display. More particularly, the 
invention relates to non-emissive displays, such as 
eiectrochromic, ferroelectric, ferromagnetic, electro- 
magnetic, and liquid crystal displays, where the 
external light source for the display is ambient light 
and/or artificial light generated at the edge of a flat 
light conducting pipe behind a non-emissive layer. 

A liquid crystal layer between transparent 
plates is proba-bly the most common non-emissive 
light device; such a liquid crystal device is non- 
emissive in that the liquid crystal layer generates 
no light. Non-emissive displays may modulate light 
py absorption, scattering, refraction, or polarization 
changes. In a liquid crystal display, the liquid cry- 
stal acts as a shutter, or selective light conduc-tive 
device. The display depends upon light being 
passed, or not passed, through the liquid crystal 
layer to generate the display. In other words, the 
liquid crystal layer must have an external source of 
light for the liquid crystal display to produce an 
image. 

In a reflective liquid crystal display (LCD), the 
source of light for the display is ambient light which 
enters through the front of the display, passes 
through the liquid crystal layer (LCL), and reflects 
back through the LCL from a re-flective, or mirror, 
surface behind the LCL. U.S. Patent 4,519,678 is- 
sued to Y. Komatsubara et al is an example of a 
reflective LCD. 

In a transmis-sive LCD, artificial light is gen- 
erated behind the LCL, or at the edge of a flat light 
pipe which distributes the light uniformly behind 
the LCL. Examples of transmissive LCD's are 
taught in the article entitled "New Backlighting 
Technologies for LCD's" by K. J. Hathaway, J. A. 
Hawthorne and A. A. Fleischer in the SID (Society 
for Information Display) 91 Digest, pp. 751-754. 
This article discusses backlighting with flat fluores- 
cent lamps. Such lighting is not attractive for LCD's 
because of problems with uniformity of light from 
the tubes, and because the tubes are relatively 
bulky and require too much elec-trical power for 
the typical LCD environment. Hathaway et al sug- 
gest that an edge-lit wedge-shaped light pipe be- 
hind the liquid crystal is the better approach to 
backlighting the LCD. The rear surface of the light 
pipe has a diffuser, or prismatic specular reflector, 
to shape the light distribution as a function of 
viewing angle. 

Another example of edge-lit light piping for 
backlighting an LCD is taught in U.S. Patent 
4,616.295 issued to M. B. Jewell et al and entitled 
"Apparatus for Mounting and lllu-minating Liquid 
Crystal Displays." A feature in the Jewell et al 
patent is varying the light diffusion pattern with the 
distance from the edge light to provide more uni- 
form backlight for the liquid crystal. Many edge-lit 
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light pipes for LCD's commercially available today 
use a pattern of diffusing dots that increase in 
frequency and/or size with distance from the edge 
light in order to produce more uniform backlighting 

5 of the LCD. 

Transflective LCD's use an edge-lit light pipe 
behind the LCL and, in addition, the front surface of 
the light pipe is partially reflective so that ambient 
light is partially reflected back through the LCL. 

w Transflective LCD's are shown in U.S Patent 
3,994,564 issued to B. Somogyi, and U.S. Patent 
4,017,155 issued to K. Yagi et al. Transflective 
liquid crystal displays have the problem of optimiz- 
ing the transflective optical element for both am- 
is bient light and edge light. Typically, the transflec- 
tive element uses an edge-lit flat light pipe, and 
coats the front surface of light pipe with a 70/30 
reflective material. In this design, 70% of the am- 
bient light reaching the reflective material is re- 

20 fleeted back through the liquid crystal layer. Con- 
versely, only 30% of the light from the edge-lit light 
pipe is passed by the 70/30 coating through the 
liquid crystal layer. Accordingly, while transflective 
LCD's are operative with, or without, ambient light, 

25 they are not very efficient in power consumption 
when the edge light is being used. 

It is an object of this invention to produce a 
transflective LCD which is as efficient as a reflec- 
tive LCD when relying on ambient light, and is as 

30 efficient as a trans-missive LCD when relying on 
artificial light. 

In accordance with this invention, the above 
object is accomplished by using the reflective and 
refractive charac-teristics of an edge-lit flat light 

35 pipe as a backlight panel behind the liquid crystal 
layer. The front and/or back surfaces of the edge-lit 
backlight panel are textured to enhance reflectivity 
of ambient light and transmission of artificial light 
from the edge light source. The front surface of the 

40 panel is textured with pits that" have walls at an 
angle to enhance reflectivity over a range of view- 
ing angles. Further, the back surface of the panel is 
textured with pits having wall angles and a pattern 
to enhance the uniform reflection of edge light 

45 toward, and through, the front surface of the bac- 
klight panel. In other words, the front surface has 
indentations to enhance reflectivity from the front, 
but not impede transmission from the rear while 
the rear surface has indentations to enhance re- 

50 flectivity of edge light out the front surface of the 
backlight panel. 

The great advantage of this invention is that 
the pitted flat light pipe, or backlight panel, 
achieves LCD brightness from ambient light which 

55 is as great as if a total reflective coating were 
placed behind the light crystal layer and also 
achieves LCD brightness from edge light which is 
as great or greater than conventional transmissive 
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LCD's. There is no diffuse material added to the 
backlight panel, such as paint or vellum. Such 
materials significantly increase light loss in the light 
pipe, or scatter light at wide angles outside of the 
useable viewing angles for the display. 

Other objects, advantages and features of the 
invention will be understood by those of ordinary 
skill in the art after referring to the complete written 
description of the preferred embodiments in con- 
junction with the following drawings. 

FIGURE 1 shows the preferred embodiment of 
the edge-lit transfiective display. 

FIGURE 2A illustrates the backlight panel in 
FIGURE 1. 

FIGURE 2B is a detail of the FIGURE 2A 
backlight panel indicating the path of typical light 
rays in the panel due to ambient light. 

FIGURE 2C is a detail of the FIGURE 2A 
backlight panel indicating typical light paths when 
the panel is edge-lit. 

FIGURE 3 shows a backlight panel with a front 
surface textured with conical pits and a flat, mir- 
rored back surface. 

FIGURE 4 shows a backlight panel with a front 
surface textured with random pits and a flat, mir- 
rored back surface. 

FIGURE 5A shows a backlight panel with only 
the back surface mirrored and pitted; the walls of 
the pits have predefined angles relative to a line 
normal to the back surface. 

FIGURE 5B is a detail of the backlight panel in 
FIGURE 5A. 

FIGURE 5c is a detail of a backlight panel 
having front surface pits with walls at selected 
angles and a flat, mirrored back surface. 

FIGURE 1 is a cross-section of the preferred 
embodiment of the invention in a liquid crystal 
display (LCD). The liquid crystal layer (LCL) 10 is 
contained between two glass plates 12 and 14 by 
adhesive seal 16 at the edge of the plates. The 
plates are held apart by glass, or plastic, spacer 
balls or beads 18. 

The inside surface of the glass plates has 
deposited therein patterns of transparent electrical 
conductors of indium tin oxide (lTO). The conduc- 
tive pattern 20 on the front plate is horizontal strips. 
The conductive pattern 22 on the back plate is 
vertical strips. As will be explained shortly, apply- 
ing a voltage between a horizontal strip and a 
vertical strip will change the liquid crystal display at 
the intersection of the two strips from light to dark. 

Polyimide layers 24 and 26 are coated on the 
inner surface of the glass plates. The layers serve 
two functions. First, they are a good insulator be- 
tween the strips of ITO conductors 20 and 22. 
Second, they have a surface textured, or rubbed, in 
a given direction to encourage crystal orientation at 
a particular angle by liquid crystals adjacent to the 



polyimide layers. 

The outside surface of the back glass plate 14 
has a linear polarizer 28 attached thereto. Similarly, 
linear polarizer 30, oriented with its plane of po- 

5 larization 90o to polarizer 28, is bonded on the 
outside of the top glass plate 12. In addition, the 
top plate 1 2 has color compensation layers 32 and 
34 bonded thereon. These color compensation lay- 
ers counteract the color shift, or dispersion, of the 

w light that occurs as the light passes through the 
LCL. As a result of the color compensation layers 
32 and 34, a black/white display is produced. 

Behind polarizer 28, on the back plate 14, is 
the backlight panel or flat lightpipe 36. The bac- 

75 klight panel operates (1) to reflect ambient light 
entering the LCD from the front, and (2) to provide 
additional light from an artificial light source at the 
edge of the backlight panel 36 behind the liquid 
crystal layer. The edge light is a fluorescent tube 

20 38, contained within a tubular housing 40, that has 
an inner mirrored surface. Light generated from 
tube 38 enters the backlight panel 36 through edge 
42 of the panel, and is reflected up through the 
liquid crystal layer. 

25 The liquid crystal layer (LCL) 10 is a twisted 

nematic liquid crystal layer (TN-LCL). The crystals 
tend to align themselves with the orientation of the 
rubbed texture of the surface of polyimide layers 
24 and 26. The surfaces of polyimide layers 24 and 

30 26 are oriented in alignment with polarizers 30 and 
28, respectively. Since the crystals adjacent the 
polyimide layers tend to align with the surface 
texture of the layers, the chain of crystals in the 
TN-LCL twists from front to back layers (approxi- 

35 mately 270o in the preferred embodiment). Linear 
polarized light is rotated (270o) by the crystals as it 
passes through the LCL from front to back. Since 
the polyimide layers are aligned with the polarizers, 
the light will pass through both polarizers 28 and 

40 30. Therefore, the LCD appears light or bright when 
the LCL is in a relaxed state. 

When a voltage is applied between two con- 
ductive strips 20 and 22, the crystal chain in the 
TN-LCL will untwist at the intersection between the 

45 two strips. Polarizers 30 and 28 are oriented at an 
angle approximately 90o to each other. Therefore, 
light passing through the untwisted portion of the 
LCL is not rotated, and is sharply attenuated by the 
crossed polarizers. The portion of the LCD at the 

so intersection of the energized strips 20 and 22 ap- 
pears dark. To summarize, when the TN-LCL is in 
a relaxed state, light passes through the combina- 
tion of two polarizers and the LCL; when the TN- 
LCL is energized at a given spot or picture ele- 

55 ment, light does not pass through the combination 
of two polarizers and the LCL. 

As just described, the preferred embodiment 
by selectively passing light through the polarizers 
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and the LCL produces a dark on light display. It will 
be apparent to one skilled in the art that the po- 
larizers can just as well be oriented relative to the 
LCL to produce a light on dark display. Further, the 
light may be ambient light that enters from the 
front and is reflected by backlight panel 36, or the 
light may be light from the backlight panel 36 that 
is supplied by edge light 38. 

In FIGURE 2A, the backlight panel 36 is shown 
in more detail. The top surface 44 of the panel has 
indentations, or pits, to enhance the reflection of 
ambient light from the front of the LCD. The bottom 
surface 46 is also pitted to enhance the reflection 
of edge light from fluorescent tube 38 up through 
the LCL. Pits 48, on top surface 44, are uniformly 
distributed, and consume 40% -to 70% of the 
surface area in the preferred embodiment. The 
areal density of pits 50 on the bottom surface 46 
increases as a function of distance from the edge 
light 38. Since the intensity of the edge light de- 
creases as a function of distance, increasing the 
number of pits per unit of surface area as a func- 
tion of distance will distribute light from the edge 
light 38 uniformly throughout the LCD. 

The reflection of ambient light is enhanced by 
conical pits, or indentations, 48 in the top surface 
44 due to the angles of the walls in the pits. The 
optimum angle for the walls depends on the posi- 
tion of the ambient light source and the position of 
the viewer. Typically, the viewing angle by a viewer 
is normal to the front surface of the LCD and, thus, 
the top surface of backlight panel 36. However, the 
position of the ambient light source may vary 
greatly. The optimum angle for ambient light is 
normal to the front surface. Worst-case angle for 
ambient light is from the side as, for example, light 
through a window located at the side of the viewer. 

In FIGURES 2B and 2C, there is a detailed 
illustration of a small portion of the backlight panel 
36 that shows the preferred angles of the indenta- 
tions 48 and 50, and the paths of a sample of light 
rays. In FIGURE 2B, the light rays are from an 
ambient light source, while in FIGURE 2C, the light 
rays are from the edge light 38. The conical pits 48 
in top surface 44 have walls that make a 45o angle 
with a line normal to surface 44. Ambient light ray 
1A comes from the side, strikes the wall of pit 48A, 
and is refracted into the panel 36. Light ray 2A is 
near normal to the top surface, and almost all of its 
light is refracted into panel 36. A small portion of 
light (typically 4-10%) striking the top surface will 
also be reflected back through the LCL (the top 
surface reflected ray is not shown). Both of the 
refracted rays 1A and 2A are reflected from the 
mirrored bottom surface 46 of the panel 36, and 
are within a useful viewing angle. In effect, the wall 
of pit 48A has collected some ambient side light 
and directed it within a usable viewing angle. 
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Light ray 3 A is near normal, but strikes the wall 
of pit 48B. Since the angle of ray 3A is beyond the 
angle of refraction, ray 3 A is reflected to another 
wall of pit 48B and back up through the LCL. 

5 Accordingly, light striking the pits 48 that is beyond 
the angle of refraction will be directly reflected 
back to the viewer within the useable viewing an- 
gle. In effect, less light is refracted into the bac- 
klight panel where it may be lost. 

w Light ray 4A strikes the top surface 44 near 

normal, and most of its light is refracted into the 
panel 36. The refracted light ray 4A strikes the 
mirrored wall of a bottom surface pit. This light ray 
may be ultimately reflected back out the top sur- 

75 face 44, or it may be lost, or dissipated, within the 
panel 36. 

In figure 2C, the indentations, or pits, 50 have 
the cross-sectional shape of a right triangle. The 
hypotenuse of the triangle is the wall of the pit 

20 facing the edge light 38. Transmitted light ray 1T, 
from the edge light 38, is reflected off the mirrored 
facing wall of indentation 50A, and exits out the top 
surface of the panel 36 within the useable viewing 
angle. Light ray 2T, which has been internally re- 

25 fleeted in panel 36 prior to the path shown in 
FIGURE 2C, is reflected off inner wall of pit 48, the 
mirrored bottom surface 46, and out the top sur- 
face 44 at a useable viewing angle. 

Light rays 3T and 4T are reflected off mirrored 

30 walls of indentations SOB and 50C, and out the top 
surface 44 of panel within a useable viewing angle. 
Indentations 50A, SOB and 50C each have different 
wall angles which are 15o, 45o and 30o, respec- 
tively, relative to the bottom surface 46. As a result, 

35 the range of incident angles of rays internal to 
panel 36 that are successfully reflected out the top 
surface 44 at a useable viewing angle is increased. 

Light ray 5T is a ray that strikes the inner wall 
of pit 48C within the angle of refraction. This ray is 

40 refracted through the top surface, and is lost as it 
is outside a useable viewing angle. 

By texturing, or pitting, the front and back 
surfaces of the backlight panel, as discussed 
above, the illumination available to the LCD is 

45 significantly increased over conventional transflec- 
tive display structures that use partially reflecting 
mirrors for both reflected ambient light and trans- 
mitted edge light. Several factors contribute to this 
improvement- First, the mirrored surface is located 

so at the back surface rather than the top surface of 
the flat lightpipe or panel. Accordingly, no tradeoff 
is necessary between reflection and transmission 
for the mirror, and the mirror can have the highest 
reflectivity practical because edge light does not 

55 have to pass through the mirror. Second, the pits in 
the front surface of the lightpipe are designed to 
reflect light within the viewing cone (useable view- 
ing angle), rather than randomly diffusing ambient 
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light as conventional top surface diffusers have 
done in prior transflective backlights. Third, the pits 
in the front and back surface can be shaped to 
direct both ambient and edge light to the useable 
viewing angle. In addition, the small size and close 
spacing possible with these pits eliminates the 
need to hide them with a diffusing material. 

Alternative embodiments for textured backlight 
panels are shown in FIGURES 3-5. In FIGURE 3, 
the top surface 52 is pitted as in FIGURES 2B and 
2C, but the bottom surface 54 is simply a flat, 
mirrored surface. The conical pits 56 are evenly 
distributed. In operation, edge light traveling 
through the panel from the edge would be reflected 
downward by the pit wails to the mirrored bottom 
surface which is flat. The light would then be re- 
flected back up from the bottom surface and 
through the LCL 

A further variation to the embodiment in FIG- 
URE 3 would be to vary the areal density of pits on 
the top surface as a function of distance from the 
edge light. This variation in areal density would 
provide for more uniform illumination of the liquid 
crystal layer by the edge light. 

In FIGURE 4, the pits 58, in the top surface 60 
of the backlight panel, are random in depth and 
wall angles, and are increasing in areal density as 
a function of distance from the edge light intro- 
duced at edge 62 of the panel. The bottom surface 
64 of the panel is a flat mirrored surface. The top 
surface may be randomly pitted by molding the 
surface with crystals used in making sandpaper. 
Garnet crystals, used in sandpaper, produce a dis- 
tribution of pit wall angles which are in the proper 
range for reflecting light rays within the useable 
viewing angle. The garnet crystals tend to have 
three primary facets and, thus, may be used to 
produce pits similar to that produced by a 
tetrahedral-shaped indenter. The width of the pits 
ranges from .001" (.025mm) to .005" (.127mm), 
and the pits have side wall angles that randomly 
vary between 15o and 60o (preferably 25o to 45o) 
from a line perpendicular to the front surface of the 
backlight panel; i.e., normal to the LCD screen. 

In FIGURES 5A and 5B, the backlight panel 
has a fiat transparent top surface 66 and a pitted, 
mirrored bottom surface 68, as described in FIG- 
URES 2B and 2C. Again, the areal density of pits 
70 in the bottom surface 68 would increase as a 
function of the distance from the edge light 71 . The 
pits 70 vary in angle as in FIGURES 2B and 2C. 

In FIGURE 5c, only the top surface 72 of a 
backlight panel is pitted or textured. The bottom 
surface, or back, 74 of the panel is a flat, mirrored 
surface. Pits in the top surface 72 have preselected 
wall angles to increase the useable light gathering 
or viewing angle range provided by the panel. Pits, 
like pit 76, have wall angles of 45o, while pits like 
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pit 78 have wall angles of 15o relative to a line 
normal to the top surface 72. 

Each of the alternative embodiments in FIG- 
URES 3-5 may be the least expensive to manufac- 
5 ture as they have only one textured surface. How- 
ever, the embodiments most effective in providing 
light for the LCD are the embodiments described in 
FIGURES 1 and 2 where both the top and bottom 
surfaces of the backlight panel have indentations. 

10 

Claims 

1. A transflective non-emissive display apparatus 
for generating a display with ambient light from 

75 in front of the display and with artificial light 

from within the display, said apparatus com- 
prising: 

a non-emissive light means for selectively 
passing light whereby the display appears light 

20 or dark to a viewer in front of the display 

depending on whether light is passed, or not 
passed, by said light means; 
artificial light means (38) behind said non-em- 
issive light means, said artificial light means 

25 (38) for generating light for selective passage 

through the non-emissive light means; 
a backlight means (36) behind said non-emis- 
sive light means and responsive to ambient 
light and to said artificial light means (38), said 

30 backlight means (36) for reflecting ambient 

light, that has passed through said non-emis- 
sive light means from the front of the display, 
towards the non-emissive light means, and 
said backlight means (36) for reflecting and 

35 refracting light from said artificial light means 

(38) towards the non-emissive light means; 
said backlight means (36) having front and 
back walls (44, 46); 

said apparatus being characterized by: 
40 light interface means (48, 50) in at least one of 

said front and back walls (44, 46), said light 
interface means (48, 50) being positioned at an 
angle relative to incident ambient light and 
artificial light for reflecting and refracting am- 
45 bient light and artificial light towards said non- 

emissive light means at a useable viewing an- 
gle for the viewer. 

2. The apparatus of claim 1 wherein: 

so first light interface means (48) in said front wall 

(44) is positioned at an angle for reflecting 
ambient light at a useable viewing angle to- 
wards said non-emissive light means; and 
second light interface means (50) in the back 

55 wall (46) positioned at an angle for reflecting 

artificial light out said front wall (44) and toward 
said non-emissive light means. 
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3. The apparatus of claim 1 wherein: 
light interface means (56, 58) in portions of 
said front wall (52, 60) positioned at an angle 
for reflecting ambient light at a useable viewing 
angle back through said non-emissive light 5 
means and for reflecting said artificial light 
towards the back wall (54, 64); and 
said back wail (54, 64) being a flat, mirrored 
surface for reflecting towards said non-emis- 
sive light means ambient light refracted w 
through said front wall (52, 60) and artificial 
light reflected from said interface means (56, 
58) in said front wall (52, 60). 

4. The apparatus of claim 1 or 2 wherein: 75 
light interface means (50) in portions of the 
back wall (46) positioned at an angle for re- 
flecting artificial light out the front wall (44) 
towards said non-emissive light means; and 
remaining portions of said back wall (46) re- 20 
fleeting ambient light refracted by said front 
wall (44) back towards said non-emissive light 
means. 

5. The apparatus of one of the preceeding claims 25 
wherein said non-emissive light means com- 
prises: 

liquid crystal means (10) for rotating polarized 
light when in a first state and not rotating 
polarized light when in a second state; 30 
a first polarizing means (30) in front of said 
crystal means (10) for linearly polarizing light; 
and 

a second polarizing means (28) behind said 
crystal means (10) for linearly polarizing light, 35 
said first and second polarizing means (30, 28) 
oriented relative to each other whereby light is 
passed by said non-emissive means when said 
crystal means (10) is in the one of the first or 
second state and light is not passed by said 40 
non-emissive means when said crystal means 
(10) is in the other state. 



6. A transflective non-emissive display apparatus 
comprising: 

a non-emissive light means for controlling the 
passage of light whereby portions of said dis- 
play appear light or dark to a viewer in front of 
the display depending on whether light is 
passed or not passed by corresponding por- 
tions of said light means; 
a light conducting panel (36) behind said non- 
emissive light means, said light conducting 
panel (36) having front, back and side walls 
(44, 46, 42), said front and back walls (44, 46) 
oriented for reflecting ambient light that has 
passed through said light means; 
an edge light source (38) for introducing light 



in one of the side walls (42) of said light 
conducting panel (36); 
said apparatus being characterized in that: 
at least one of said front and back walls (44, 
46) has surface indentations (48, 50) in the 
wall; 

a plurality of said indentations (48, 50) has 
indentation wall angles oriented relative to in- 
cident ambient light to refract and reflect the 
ambient light towards said non-emissive light 
means at a useable viewing angle for the view- 
er; and 

a plurality of said indentations (48, 50) has 
indentation wall angles oriented relative to in- 
cident edge light to refract and reflect the edge 
light towards said non-emissive light means at 
a useable viewing angle. 

7. The apparatus of claim 6 wherein: 
said indentations (48) in said front wall (44) 
having wall angles for reflecting the ambient 
light that passed through said non-emissive 
means back through said light means at a 
useable viewing angle and for reflecting edge 
light inside the light panel towards the back 
wall (46); and 

said indentations (50) in the back wall (46) 
having wall angles for reflecting ambient light, 
refracted through said front wall (44), and edge 
light out said front wall (44) and towards said 
non-emissive light means. 

8. The apparatus of claim 6 or 7 wherein: 
said front wall indentations (48) are distributed 
uniformly through out the surface of said front 
wall (44); and 

said back wall indentations (50) are distributed 
such that the areal density of the indentations 
(50) in said back wall (46) increases as a 
function of the distance from the side wall (42) 
through which the edge light is introduced. 

9. The apparatus of claim 6, 7 or 8 wherein: 
said front wall indentations (48) are conical; 

45 and 

said back wall indentations (50) are triangular 
in cross-sectional shape with one wall facing 
the edge-lit side wall (42). 

50 10. The apparatus of claim 6, 7, 8 or 9 wherein: 

pluralities of said back wall indentations (50) 
have edge light facing walls oriented at one of 
a plurality of angles, the facing wall angles 
being approximately 15o, 30o and 45o relative 

55 to said back wall (46). 

11. The apparatus of claim 6 wherein: 

indentations (56, 58, 76, 78) in said front wall 
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(52, 60, 72) having wall angles for reflecting 
the ambient light that passed through said non- 
emissive means back through said light means 
at a useable viewing angle and for reflecting 
edge light inside the light panel (36) towards 5 
said back wall (56, 64, 74); and 
said back wall having no indentations and be- 
ing a flat, mirrored surface (54, 64, 74) for 
reflecting back to said non-emissive light 
means ambient light refracted through said w 
front wall (52, 60, 72) and edge light reflected 
from said front wall indentations (56, 58, 76, 
78). 

12. The apparatus of claim 6 or 11 wherein said 15 
front wall indentations (56) are conical. 

13. The apparatus of claim 6 or 11 wherein: 
pluralities of said indentations (76, 78) primarily 
have walls oriented at one or more of a plural- 20 
ity of angles relative to a line normal to the 
front wall surface (72), the plurality of wall 
angles being between 15o and 6O0. 

14. The apparatus of one of the preceeding claims 25 
wherein: 

said front wall indentations are distributed such 
that the areal density of the indentations in the 
front wall increases as a function of the dis- 
tance from the side wall (42) through which the 30 
edge light is introduced. 

15. The apparatus of claim 6 wherein: 

said front wall (66) has no indentations; and 
said back wall indentations (70) are triangular 35 
in cross-sectional shape with one wall facing 
the edge-lit side wall (42). 

16. The apparatus of claim 15 wherein: 

pluralities of said back wall indentations (70) 40 
have edge light facing walls oriented at one of 
a plurality of angles, the facing wall angles 
being approximately 15o, 30o and 45o relative 
to the back wall (68). 

45 

17. The apparatus of one of the preceeding claims 
wherein: 

said hack wall indentations are distributed such 
that the areal density of the indentations in the 
back wall increases as a function of the dis- 50 
tance from the side wall (42) through which the 
edge light is introduced. 



55 
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FIG. 2B 




FIG. 2C 

44 




nwcrwiin- ^cd nwniui i 



EP 0 590 511 A1 




EP0 590 511 A1 




12 

RNSnOnm-<FP 05S30511A1 I > 



J 



Kuropcan Patent 
Office 



EUROPEAN SEARCH REPORT 



Application (Somber 

EP 93 11 5315 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CULSSltlCATION OF THE 
APPIJCATION (lnt.O.5) 



CH-A-608 165 (EBAUCHES S.A) 

* page 3; figure 2 * 

DE-A-33 13 288 (BOSCH) 

* page 5 - page 7; figures 1,2 * 

DE-A-30 33 141 (LICENTIA) 

* page 5, line 20 - page 9 * 

EP-A-0 478 102 (COMPAQ COMPUTER) 

* column 7, line 37 - column 10, line 41 



1.2,4-7 
1,3,6,8 



I, 6,7, 

II, 14 



1,6,15 



G02F1/1335 

F21V8/00 

F21V7/00 



TECHNICAL HKI-DS 
SKARCHKI) (Int. CI. 5) 



G02F 
F21V 



The present search report has been drawn up for all claims 



m 

B 
3 



o 

u. 
O 



Place mf lejrth 



THE HAGUE 



D*e of co«v>i£ftoa of th* icarc* 

7 January 1994 



Diot, P 



CATEGORY OK U TKD DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
I. : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BNSDOCID: <EP. 



.059051 1A1J_> 



WIS PAGE BLANK <uspto) 



